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The Zeitglockenturm 




Connected to the other 
clocks in Bern 

Attempt to unify time in 
Switzerland 



Scientific context 

Principle of relativity 
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The laws of physics have the same form in all inertial 
frames. 
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Principle of relativity 
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context 




Galilean transformation 



Scientific 

Maxwell's Equations 
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Electromagnetic waves travel 
Ether 
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Problem ? 



• Maxwell's equations are not invariant by the 
Galilean transformation 

• Incompatibility of the composition law for 
velocities and the constancy of the speed of light 



Lorentz transformation 



Named after Hendrik Lorentz 
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Composition law for velocities 



w= 



v-u 



1- 



vu 



Consequences of the Lorentz 

transformation 

Length contraction 

Ax' = y(Ax-uAt) 

L 0 =yL for At=0 

L 0 is called the proper length 



Consequences of the Lorentz 

transformation 

Time dilatation 



V Af = y(At-^) 

At=y At for Ax=0 
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x is called proper time 
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Consequences of the Lorentz 

transformation 

Simultaneity 



At' = y(At-HM) 

At' = -y^^0 for At=0 
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unless Ax=0 (Concomitant events) 



Consequences of the Lorentz 

transformation 

Introduction to four-vectors 



Four-position 



X— (x 0 x 1 x 2 x 3 i 
ct x y z 



Four-velocity: 
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Four-momentum: p=rrLV= 



m 0 c m 0 v 



Consequences of the Lorentz 

transformation 



Mass-energy equivalence 



Taylor series of (1 +x) n when x— >-0 
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Conclusion 



• No need to abandon the galilean principle of relativity 
or the constancy of the speed of light 

• Time and space are combined in a single interwoven 
continuum 

• Length, time and simultaneity are not absolute 



